In urban areas, the increasing frequency of heavy precipitation caused by climate change has generated huge pressure on drainage systems, which could result in severe environmental or social issues if not adapted to. A critical step to enhance the adaptive capacity of drainage systems is to build an authoritative indicator-based framework for assessing the adaptive capacity. An assessment framework with three levels, including an index (Adaptive Capacity Index), five parameters (Economic resource, Information and skills, Technology, Infrastructure, and Institutions) and several indicators, was established after literature review and expert consultation. The Delphi method was applied to optimize indicators in order to form the applicable indicator-based assessment framework. Through two rounds of Delphi process, a consensus among experts was reached and was checked for consistency by statistical analysis. Eventually, eight indicators of adaptive capacity were determined with high consistency and an inherent linkage was revealed from the five dimensions (parameters) that contribute to the adaptive capacity of drainage systems. Overall, the construction of adaptive capacity of drainage systems is a systematic engineering, and the Delphi method proved to be an appropriate technique for framework building.
INTRODUCTION
Climate change has become a serious reality over recent decades with increasing attention directed toward its detrimental side effects. The IPCC's Fifth Assessment Report claims that the mean temperature of the land and ocean has increased 0.85 C in the last 130 years, even the average temperature could be 1.5 C higher than 100 years ago with the minimal carbon emission (Rockström et al. ) . For the global water cycle, precipitation and evaporation patterns are also greatly modified by climate change, so either frequency or volume of extreme precipitation events will be inevitably augmented (Arnbjerg-Nielsen et al. ). In urban areas, changing precipitation will require amendments to the drainage networks highly relied upon by cities, which were designed based on past climate conditions and will not work properly in future (Kirshen et al. ) .
Hence, it is urgent to implement adaptive actions in response to climate change trends in urban drainage fields.
Although adaptation is a relatively new topic among climate change research compared to mitigation strategies, more organizations are realizing the necessity of studying adaptive capacity (Kutlu ) . In terms of urban drainage systems, adaptation can be considered as the capabilities of socio-economic systems and ecosystems to exploit beneficial opportunities and moderate or avoid the harm of However, it is worth noting that few frameworks are specialized for assessing the adaptive capacity of drainage systems. Besides, each water system is unique and a framework developed at a specific location may not be suitable for other regions owing to different characteristics of society, economics, ecology and culture. Thus, the indicators that assess the adaptive capacity of a certain system should be area-specific (Carter et al. ) . From the perspective of Beijing, an appropriate framework to assess adaptive capacity of drainage systems is yet to be developed and this study is the first step in that direction.
Considering the deficiencies in current systematic methods for constructing such frameworks, this study aims This framework is shown in Figure 1 , where the ACI is weighted using these five parameters to determine the integrated adaptive capacity and some indicators are affiliated to one of the five parameters.
In building the indicator-based framework to assess the • The experts participating in the Delphi process must have extensive working or research experience of drainage systems to offer authoritative responses.
• The scope of selected experts should be considered to obtain a full-scale evaluation of the study area. Geographically, participants should distribute evenly in study area so as to cognize the climate conditions of different districts.
• Functionally, experts ought to be adept in various fields of drainage systems, which include academic research, administrative agency, design, and construction.
With the consideration of the absence of experts during survey process, 14 experts were nominated, who represented a wide distribution in various districts of Beijing from three main fields of occupations: administration, service institutions, and scientific research, which guarantees that the research has representation from various sides.
The basic information of experts in the first and second rounds is summarized in Table 2 .
Formulation of Delphi questionnaire
Based on the selected 25 primary indicators and considering the expression of the experts' opinions, the Delphi survey was designed, seeking to obtain the maximum consensus on the opinions of the panel through a series of structured questionnaires. As the top priority of the Delphi technique, the initial structured questionnaire was divided into three parts, sections A, B and C.
Section A introduced the background of climate change, as well as the purpose of establishing an indicator-based assessment framework for adaptive capacity of drainage systems in response to climate change in Beijing. Section B included the participants' job descriptions, job titles, and working years that would be collected, as well as the requirements for participants. Section C presented a rating scale to quantify the assessment indicators.
When scoring on the questionnaire, experts determined the score of each indicator by their own methods, including model calculation, empirical analysis, etc. Thus, experts also needed to explain their degree of confidence in their judgement, where the authority of the panel (criteria of the judgement and degree of familiarity) was also judged and evaluated via self-assessment in order to confirm credibility of the results (Table 3) . Simultaneously, the suggestions of experts were added as an efficient feedback to modify the indicators system at the end of the questionnaire.
Note that the later questionnaire needs to present the feedback of previous rounds for experts, where added, deleted, and modified indicators were presented to offer the latest information for experts' analyses. The questionnaires were delivered to the respondents via e-mail.
Statistical analysis
As the iterative feature of the Delphi method, all feedback will be presented to the researchers, where a rigorous mathematical statistics analysis will be applied to present the opinions on each indicator, such as mean value, satisfactory rate, coefficient of variation, and overall consensus of experts under circumstances of 'no group pressure'. Table 4 shows the coefficients and calculation equations in this process of statistical analysis.
• Degree of participation. This aspect of statistical analysis is reflected by Response rate (P), which indicates the concerned extent of experts in reality.
• • Degree of concordance. This statistical analysis of the degree of concordance is reflected by two variables, coefficient of variation (Vj) and coefficient of concordance (W ).
It is noted that the coefficient of variation (Vj) indicates fluctuation extent of the significance of indicator j, where a smaller value means a higher concordance for indicator j.
However, because the data collected for nearly every study is unique, guidance that describes the level of variance that represents consensus is not available (Hallowell & Gambatese ) . Thus, the degree of concordance could be only qualitatively evaluated by the variance, and the variance was developed into one of the screening conditions to optimize the framework. Given the number of indicators, this paper set a target consensus where W reached 0.4 or higher.
More importantly, the significance of W was analyzed to guarantee the reliability of consensus, so the χ 2 test was performed:
The threshold value (χ α ) would be looked up on the standard 
Here, N R is the number of returned questionnaires and N p is the number of issued questionnaires; m j is the number of experts marking indicator j and m j ' is the number of experts who scored 5 points for the indicator j; Cij is the score of indicator j that the ith expert marked; δj is the standard deviation of indicator j (this index indicates fluctuations in the significance of the indicator, and a smaller value means a higher concordance for indicator j); M sj represents the mean value of sum of all indicators; and n is the sum of indicators. Sj represents the sum of the score of indicator j that different experts marked (a larger value of S j means higher significance of indicator j) and m is the number of experts, while n is the number of indicators.
Screening of indicators
The threshold value was utilized to screen indicators. The threshold of mean value and the rate of satisfaction was calculated by:
If the score of the indicator was higher than the cut-off value, the indicator was considered reasonable.
The threshold value of the coefficient of variation was calculated by:
If the score of the indicator was lower than the cut-off value, the indicator was considered reasonable.
More importantly, the modified suggestions that were proposed by the panel beyond group pressure also could be a determining factor for selecting indicators to demonstrate the superiority of the Delphi technique.
Weighting of indicators
In terms of different contributions of indicators to adaptive capacity, the method of proportion distribution was utilized to ensure the weights of each indicator after the final indicators were determined. Based on the final scores of each indicator, their weights were calculated. Then the parameters would be weighted by the affiliated indicators.
Statistical software
The statistical analysis work was accomplished using the software SPSS 20.0.
RESULTS AND DISCUSSION

Coefficient of participation
Two rounds of the Delphi process were executed to complete consensus building. Table 5 presents the degree of attention of the panel on this study for building indicatorbased assessment framework of drainage systems in Beijing.
There are two main reasons for the absence of participants. Firstly, due to a long interval between rounds, some experts explained that their memory and concentration for the questionnaires had slackened, leading to unconvincing responses. Secondly, some experts were occupied by heavy workload, which decreased their concern and care for the questionnaire.
Nevertheless, according to relevant literature, the number of experts participating in the Delphi process is usually between 8 and 20 (Xu ). Thus, for 10 experts to participate in the group process is acceptable for statistical analysis in the second Delphi round. Meanwhile, even though the number of experts in the second Delphi round decreased, there were still respondents from all three domains, presenting an even distribution in terms of job title, which provided a representative group of experts. Overall, the mean coefficient of participation was 86%, which presents a satisfying result compared to other studies that have applied Delphi rounds (Al-Jawhar & Rezouki ). It can be concluded that the experts presented a relatively high concern on this research, and it is significant to study the indicator selection method to form a representative framework of adaptive capacity.
Authority of panel of experts
By analyzing the authority of the panel on Delphi rounds, a promising result with high credibility was obtained, as shown in Table 6 .
From the result of round 1, the mean comprehensive value of 0.609 reveals that the degree of authority was upper-middle, which indicates that most of the selected experts had good knowledge of the questions on the questionnaire. The most authoritative parameter was Information and skills, which indicates that this field might have already been noticed for a time due to its importance to adaptive capacity.
In the second round, although the mean degree of familiarity somewhat decreased, both the mean criteria of judgment and mean comprehensive value show an upward trend compared to the first round. The overall trend indicates that the panel of experts may desire to strengthen their knowledge about the contribution factors of adaptive capacity of drainage systems during the Delphi process.
From the improvements of these parameters, it can be concluded that the modifications based on experts' suggestions were positive, and judgments of the experts were reliable.
Overall, the authority of the panel performed well. And it proved that the Delphi process can absorb the consensus of experts to the greatest extent and tackle the divergence among them.
Selection of indicators
The score results, shown in Table 7 , indicate the importance and divergence of each indicator that experts determined from theory and practical experiences in the first Delphi round. Based on the screening criteria (Table 8 ) and suggestions of experts (Table 9) After analyzing the data in Tables 8, a satisfying trend was found that the consensus improved during the two rounds of Delphi process. As a factor to reflect the degree of consensus of experts' decisions, the average coefficient of variation decreased from 0.244 (SD ¼ 0.123) in the first Only when all three cut-off values do not meet requirements can an indicator be directly deleted. Otherwise, as an important reference, the suggestions of experts should be closely heeded in determining whether indicators were eliminated. As a support to delete indicator 1.
Information and Skills
1. Delete indicators 6, 7. 2. Pay attention to the education of the public on daily protection of drainage systems and the emergency treatment for flood danger; 3. Reflect the application and advance of information management system.
As a support to delete indicators 7, 8. The role of information and knowledge should consider both the professionals in drainage field and the public who suffer from disaster. Contingency plan is crucial for the management and disposal for heavy rainfall events Meanwhile, the level of significance of consensus between rounds 1 and 2 was examined using the T test for significance. The results indicate that the coefficient of variation between these two rounds was significantly different below a confidence level of 95% (P ¼ 0.007 < 0.05), in other words, the consensus among the panel and applicability of framework are improved significantly through the Delphi process.
Degree of concordance
In order to obtain the consistency of experts' opinions, the Kendall coefficient of concordance (W ) was calculated to obtain the consistency of experts' opinions using SPSS. In the first Delphi process, W was 0.368, and the χ value, which was higher than the threshold value of 36.42, was 123.54. Although the level of significance (P) was less than 0.01, which represents a relatively fine consistency from a statistical standpoint, the coefficient W did not reach the target consensus (0.4). Thus, another Delphi round was executed, where the coefficient of concordance was determined to be 0.410, and the χ value, which was higher than the threshold value (30.14), was 77.81 with P < 0.05.
From Table 11 , it can be seen that the coefficient of concordance increased from 0.368 to 0.410, which explains that the consensus of our study improved over successive rounds.
Moreover, the coefficient of concordance, W, reached the target consensus, resulting in the termination of the Delphi process with a good control of deviation. Further, P values below 0.01 in both of the rounds indicate that there was good consistency of responses from experts and that our results have a high confidence level. It is concluded that it is an effective method to establishing consensus using the Delphi technique to process opinions among various experts.
Indicator-based framework
During the indicator selection process for building the framework, the initial 25 indicators were modified into 20
indicators, which were further screened into eight refined indicators to reflect the attention degree of each dimension of adaptive capacity (Table 12 ). It should also be noted that there was high consistency among the final 8 indicators,
where the coefficient of concordance (W ) was 0.480 with P < 0.01 below a confidence level of 95%. Sig (P) 0.000 0.000 • Proportion of investment of urban drainage systems. This indicator reflects the economic strength of a district. An abundant investment in drainage systems is the basis for guaranteeing the normal functioning of all aspects of the drainage system in response to climate change.
• Investment types of drainage systems to climate change.
This indicator indicates that climate change involves various aspects, so comprehensive investments should be completed to make it easier to ensure the adaptive capacity is equal to development and recovery after disasters.
• The capacity of government to guarantee timely and accurate notification when heavy rainfall is going to occur. The timely popularity of information can effectively reduce the risk that residents are exposed to the risk of flood disasters. And the public sector plays a pivotal role in managing relevant information on precipitation.
• The knowledge and skill level of employees in drainage systems. As an important technical reserve, professional staff who serve drainage systems play a key role in the construction of drainage facilities and emergencies.
• The number of waterlogged places on the road after rainfall. This increases the security risks for public traffic when heavy rain occurs, and reflects the completeness of drainage infrastructure (drainage pipe network, pumping stations, etc.). It should be noted that it is an indicator of the negative aspects that reduce the adaptive capacity of drainage systems.
• The rate of hardening of urban ground. If 'high rate of hardening of urban ground' exists, rain cannot easily permeate the ground and combine with groundwater, which obviously imposes greater pressure on draining rainfall via drainage systems. It is an indicator of the negative influences that reduce the adaptive capacity of drainage systems.
• Form contingency plan to heavy rainfall. When a city encounters extreme events like a rainstorm, one of the tasks of the water department is to coordinate the relevant stakeholders to carry out post-disaster response work in an orderly manner. Thus, formulating an effective contingency plan could dramatically reduce the loss of property and life.
• The starting time of contingency plan to heavy rainfall.
This indicator reflects the executive force of institutions, which is a key factor in guaranteeing timely and targeted rescue procedures. Owing to the possibility of urban flooding causing serious risk to life and property within a short time, the shorter the start-up time of the plan, the more adaptive capacity an institution can apply. This is also an indicator of the negative aspects.
CONCLUSION AND SUGGESTION Conclusions
This work proposes a representative assessment framework composed of three levels to reflect the adaptive capacity of drainage systems in Beijing. In this framework, the ACI is an aggregate of five parameters, where each is an aggregate of one or more adaptive capacity indicators that were In summary, the indicator-based assessment framework represents adaptive capacity from a full-dimension perspective, which offers a fundamental framework to comprehend the adaptive capacity of drainage systems in
Beijing. More importantly, the methodology applied in this study may serve as a guideline for constructing relevant assessment frameworks of adaptive capacity in urban water systems.
Suggestions
Some deficiencies were found while the Delphi method was carried out. One concern is that the long time interval for responding may affect the concentration and memory of experts. A suitable time to perform the Delphi method deserves to be studied to maintain the enthusiasm for participants. As for the second deficiency, the abundant data, which originates from the experts' suggestions during the Delphi rounds, brings about complicated analysis processes for researchers. Thus, future research should explore a reasonable number of participants to be used in a Delphi process in terms of a certain study area.
It is worth noting that this framework will facilitate the assessment practices of adaptive capacity. Further work can be done to apply the framework to assess the adaptive capacity, with the case of the Beijing drainage system at district level.
